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INTRODUCTION 


Despite  the  increase  in  the  yield  of  fruits  and  vegetables  due  to 
modern  technology,  the  shortage  of  food  is  one  of  the  major  problems  which 
most  developing  countries  are  facing  today.    Food  losses  occur  substantially 
due  to  the  lack  of  efficient  preservation  methods  (Onayemi  and  Potter,  1974). 
Malnutrition  is  one  of  the  problems  our  governments  are  struggling  against. 
Lack  of  refrigeration  and  adequate  storage  facilities  are  hurdles  in  the  way 
of  supplying  fresh  vegetables  year  round.    Sun-drying  has  been  used  at 
household  levels  as  a  method  of  preservation. 

Today  in  developed  countries,  foods  are  dried  by  use  of  electric,  hot 
air  dehydrators  or  ovens.    Dehydration  is  valuable  because  not  only  does  it 
help  preserve  the  food  from  spoiling  but  it  lowers  the  costs  of  packaging, 
storing  and  transporting  by  reducing  the  weight  and  volume  of  the  products. 

Vegetables  play  an  important  role  in  human  diet.    Their  nutritional 
contribution  is  to  supply  vitamins  end  minerals.    Dehydrated  vegetables  are 
concentrated  in  nutrients  (Salunkhe  et  al.,  1973).    However,  some  nutrients 
may  be  lost  during  the  process  of  dehydration.    Extent  of  nutrient  losses 
generally  depends  upon  the  material  preparation  prior  to  dehydration, 
the  dehydration  process  and  the  storage  conditions  of  dehydrated  products 
(Villota  et  al.,  1980).    Among  the  nutritional  losses  that  occur  in 
dehydrated  products  are  the  loss  of  protein  biological  value,  fat  and 
water  soluble  vitamins  and  minerals  (Bluestein  and  Labuza,  1975). 

Okra  (Hibiscus  esculentus  L.  or  Abelmoschus  esculentus)  is  one  of  the 
most  popular  vegetables  consumed  in  tropical  and  sub-tropical  countries 
because  of  its  adaptability,  dependability,  and  resistance  to  hot  and  humid 
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weather  (Martin  and  Ruberte,  1978).    Many  studies  have  been  made  on  protein 
and  oils  content  of  okra  seeds  (Crossley  and  Hilditch,  1951;  Karakoltsidis 
and  Constantinides,  1975;  Savello  et  al.,  1980  and  Jones  and  Earle,  1966). 
An  oil  content  of  14-19%  and  a  protein  content  of  21%  in  okra  seeds  have 
been  reported  by  Jones  and  Earle  (1966)  and  Martin  and  Ruberte  (1978), 
respectively.    Recent  research  has  been  conducted  by  Krutman  (1981)  to 
develop  alternative  dehydration  methods  for  okra. 

This  study  was  conducted  to  establish  the  effects  of  not  blanching, 
blanching  with  boiling  water,  and  blanching  with  0.1%  sulfur  dioxide  solution 
on  selected  characteristics  for  dehydrated  okra.    Drying  temperature  and 
duration  and  storage  were  also  studied.    Evaluations  made  on  fresh  or 
dehydrated  okra  included:  moisture  content,  water  activity,  color, 
ascorbic  acid  and  thiamine  retention,  and  sensory  characteristics. 
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LITERATURE  REVIEW 

All  foods  which  undergo  processing  are  subject  to  loss  of  vitamins 
and  minerals  to  some  degree.    In  general,  the  processing  should  be 
carried  out  in  a  manner  which  minimizes  nutrient  losses  and  maximizes 
safety  of  the  product.    Spoilage  of  plant  tissues  by  microorganisms  is 
enhanced  by  the  presence  of  a  high  moisture  content. 

Dehydration,  the  removal  of  water  from  the  tissues  to  a  level  that 
cannot  support  the  growth  of  microorganisms,  is  achieved  by  supplying 
heat  to  the  food;  moisture  in  the  vapor  state  is  removed.    In  general  most 
bacteria  will  not  grow  well  if  water  activity  is  below  0.9,  yeasts  will  not 
grow  if  it  is  below  0.88,  and  molds  will  not  grow  if  it  is  below  0.8 
(Salunkhe,  et  al . ,  1973). 

Dehydrated  foods  would  be  as  good  as  fresh  produce  if 
control  of  microorganisms'  growth  were  the  only  basis  for  process 
evaluation.     However,  water  activity  at  which  the  growth  of  microorganisms 
is  controlled  is  not  low  enough  to  inactivate  enzymes  responsible  for  un- 
desirable changes  (Troller,  1980).    Achieving  water  activity  values  at 
which  all  enzyme  activity  ceases  is  not  economically  feasible  (Schwimmer,  1980). 
Thus,  the  use  of  pretreatments  prior  to  dehydration  such  as  blanching  and/or 
addition  of  sulfite  is  done  to  inactivate  enzymes  which  would  contribute  to 
undesirable  changes  in  color,  flavor,  or  nutritive  value  during  subsequent 
storage  of  the  product. 
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Pretreatment 

Fresh  fruit  and  vegetable  tissues  contain  active  enzymes,  such  as 
catechol ase,  tyronase,  ascorbinase  and  polyphenol  oxidase,  that  catalyze 
the  oxidation  of  phenolic  compounds  into  o-quinones  (red  to  reddish-brown) 
in  the  presence  of  oxygen  and  when  combined  with  amino  acid  derivatives 
form  highly  colored  complexes.    Therefore,  as  fruits  or  vegetables  are 
prepared  for  dehydration,  undesirable  browning  can  occur  unless  the  cut 
products  are  treated  to  inactivate  the  enzymes  either  by  heat  or  addition  of 
sulfur  dioxide  (Salunkhe  et  al.,  1973). 

Blanching.    Blanching  is  used  as  a  preliminary  treatment  prior  to 
dehydration  to  inactivate  enzymes  responsible  for  the  development  of  objection- 
able odors  and  flavors  and  the  loss  of  ascorbic  acid  and  carotene  during 
storage.    Blanching  also  helps  to  increase  the  drying  rate,  thus,  shortens 
the  drying  time  (Salunkhe  et  al.,  1973).    Three  methods  of  blanching  exist: 
steam,  boiling  water  or  microwave  blanching.    Although  several  authors  prefer 
steam  blanching  to  water  blanching  (Cruess,  1958),  each  of  these  three  methods 
presents  some  advantages. 

Water  blanching  versus  steam  blanching  have  been  studied  extensively.  It 
seems  that  steam  blanching  is  more  effective  than  water  blanching  for  the  con- 
servation of  soluble  nutrients.    Retzer  et  al.  (1945)  studied  the  effect  of 
steam  and  hot  water  blanching  on  the  ascorbic  acid  content  of  snap  beans  and 
cauliflower;  snap  beans  were  found  to  lose  15%  of  the  vitamin  during  water 
blanching  and  11%  during  steam  blanching.    Dietrich  and  Heumann  (1965)  reported 
that  chlorophyll  was  more  stable  in  water  blanched  than  in  steam  blanched 
Brussel  sprouts,  and  that  blanching  with  steam  gave  a  dull  colored  product. 


Quenzer  and  Burns  (1981)  studied  the  effects  of  microwave,  steam   and  water 
blanching  on  freeze-dried  spinach,  and  concluded  that  microwave  blanching 
was  superior  to  water  and  steam  in  ascorbic  retention  and  inferior  for  beta- 
carotene.    They  also  concluded  that  microwave  blanching  was  better  than  steam 
but  inferior  to  water  for  retention  of  alpha-tocopherol .    Eheart  (1967)  also 
studied  the  effects  of  microwave  versus  water  blanching  on  nutrients  in 
broccoli.    He  reported  that  microwave  blanched  broccoli  was  higher  than 
water  blanched  samples  in  ascorbic  acid  and  percentage  retention  of  chlorophyll. 

Sulfite  treatment.    Before  drying,  vegetables  are  usually  reduced  to 
slices,  cubes,  strips  or  flakes.    Upon  an  extended  period  of  storage  the 
vegetables  tend  to  change  in  color,  flavor  and  nutrient  content.  Therefore, 
it  has  become  standard  practice  in  the  food  industry  to  treat  vegetables 
prior  to  dehydration  with  various  antioxidants  such  as  butyl  hydroxy  toluene 
(BHT) ,  butyl  hydroxy  an i sole  (BHA),  nordihydroguinaretic  acid  (NDGA), propyl 
gallate  (PG),  and  the  most  commonly  used,  sulfur  dioxide  (Pintaurc,  1974). 
Sulfite  is  used  to  prevent  both  enzymatic  and  non-enzymatic  browni  ig  of 
vegetables  and  to  protect  ascorbic  acid  retention  (Tannenbaum,  1976). 

Nutrient  retention.    Blanching  has  been  shown  to  minimize  some  nutrient 
losses  (Morgan  et  al . ,  1945;  Salunkhe  et  al.,1973)  reported  as  high  as  80% 
decrease  in  the  carotene  content  of  unblanched  vegetables,  while  only  5% 
loss  was  reported  for  blanched  vegetables.    However,  the  water  soluble 
nutrients  such  as  minerals,  ascorbic  acid,  and  the  B-vitamins  to  a  lesser 
extent,  may  be  lost  during  blanching  by  leaching  into  the  heating  medium  or 
by  oxidation  of  ascorbic  acid. 
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Mineral  retention.    The  loss  of  mineral  substances  as  reported  by 
Tannenbaum  (1976)  occurs  through  trimming  unwanted  parts  of  the  vegetables 
and  leaching  of  water  soluble  materials.    Little  loss  occurs  through 
destruction  by  chemical  reactions. 

The  minerals  that  are  commonly  lost  in  vegetables  according  to  obser- 
vations made  by  Horner  in  the  1930 ' s  and  reported  by  Lee  (1958),  are 
potassium  and  phosphates  —  39%  and  20%  losses  of  potassium  oxide  (KJ))  and 
phosphorus  pentoxide  CPgOg)  in  peas  blanched  for  3  minutes  at  100°C  (212°F); 
40%  losses  of  1^0  in  beans  blanched  for  3  minutes  at  82°C  (180°F);  16%  losses 
in  K20,  15%  of  P205  in  carrots  blanched  for  7  minutes  at  100°C  (212°F)  and 
9%  losses  of  KgO  and  P205  for  potatoes  blanched  for  5  minutes  at  100°C 
(212°F)  were  observed  (Lee,  1958). 

Kramer  and  Smith  (1947)  reported  12.67%  loss  of  phosphorus  in  lima  beans 
blanched  for  8  minutes  at  160°F  (71°C),  and  40%  loss  in  spinach  blanched 
for  4  minutes  at  200°F  (93°C).    Unlike  potassium  and  phosphorus,  calcium 
is  reported  to  be  absorbed  by  vegetables  during  blanching  depending  upon  the 
hardness  of  the  water  and  the  blanching  time.    Lee  and  Whitcombe  (1945) 
studied  the  effects  of  different  types  of  potable  water  on  nutrients  of  peas 
and  snap  beans  and  concluded  that  vegetables  blanched  in  hard  water  increased 
significantly  in  calcium  content.    Kramer  and  Smith  (1947)  reported  as  high 
as  58.95%  increase  of  calcium  in  fancy  peas  blanched  for  9  minutes  at  200°F 
(93°C),  53.78%  in  spinach  blanched  for  4  minutes  at  200°F  (93°C),  and 
8.92%  in  lima  beans  blanched  for  8  minutes  at  160°F  (71°C). 
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Retention  of  B-vitamins.     As  mentioned  previously,  small  amounts  of 
B-vitamins  are  lost  during  blanching  or  sulfiting.    Wagner  and  co-workers 
(1947)  studied  the  effects  of  blanching  on  the  retention  of  ascorbic  acid, 
thiamine,  and  niacin  in  vegetables.    They  reported  that  for  hot  water  blanch- 
ing, peas  retained  63-105%  of  their  niacin  content;  green  beans  89-109% 
and  lima  beans  51-104%.    They  also  reported  66-103%;  90-105%  and  42-67% 
retention  of  thiamine  in  peas,  green  beans  and  lima  beans,  respectively. 

The  amount  of  B-vitamins  retained  depends  upon  the  duration  of  the 
blanching  period,  the  product  and  temperature  of  the  blanching  water. 
Guerrant  et  al.,  (1947)  reported  that  water-blanched  peas  retained  from 
40-90%  of  their  original  riboflavin  content,  while  lima  beans  blanched  in 
water  for  8  minutes  at  200°F  (93°C)  lost  43%  of  their  original  riboflavin 
and  spinach  lost  as  high  as  73%  of  its  initial  riboflavin  content  as  the 
result  of  being  water-blanched  for  7  minutes  at  200°F  (93°C).    Also,  Guerrant 
et  al.,  (1947)  reported  that  the  retention  of  niacin  and  especially  thiamine 
in  vegetables  during  blanching  is  time/temperature  dependent.    They  reported 
a  44%  loss  of  niacin  in  lima  beans  blanched  for  8  minutes  at  200°F  (93°C). 

Thiamine  is  the  B-vitamin  that  has  been  reported  to  be  the  least 
stable  and  sensitive  to  sulfite  (Bluestein  and  Labuza,  1975;  Tannenbaum,  1976). 
Mallette  et  al .    (1946)  found  that  about  45%  of  the  initial  thiamine  content 
is  lost  in   sulfite-blanched  cabbage  while  only  14.86%  is  lost  in  steam- 
blanched  cabbage.    Thiamine  sensitivity  to  sulfite  is  explained  by  the 
fact  that  thiamine  undergoes  a  series  of  degradative  reactions  involving  a 
nucleophilic  displacement  at  the  methylene  carbon  joining  the  two  ring 
systems  (Figure  1,  Appendix).    Thus,  in  the  presence  of  strong  nucleophiles 
such  as  sulfite  (HS0J  thiamine  is  destroyed  (Tannenbaum,  1976). 
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Ascorbic  acid  retention.    Of  all  the  vitamins  present  in  a  food  system, 
the  greatest  loss  occurs  in  ascorbic  acid  during  pretreatment  prior  to 
dehydration  as  a  result  of  leaching  or  oxidation  (Bluestein  and  Labuza,  1975; 
Tannenbaum,  1976). 

Stevens  0943)  found  that  ascorbic  acid  losses  during  blanching  varied 
with  the  product.    He  reported  that  rutabagas  and  carrots  lost  only  10-20% 
whereas,  peas  and  white  potatoes  lost  about  60%.    Guerrant  (1947)  reported 
81  mg  ascorbic  acid  retained  per  lOOg  of  dry  matter  by  sweet  peas,  62  by 
whole  green  beans  and  46  mg/lOQg  of  dry  matter  by  lima  beans  all  blanched 
under  the  same  conditions  [water  blanching  for  3  minutes  at  180°F  (82°C)j. 

Because  of  its  solubility  in  water  and  its  sensitivity  to  heat,  ascorbic 
acid  is  easily  lost  during  blanching  (Salunkhe  et  al . ,  1973).  However, 
blanching  is  reported  to  help  in  the  retention  of  ascorbic  acid  during 
dehydration  and  storage  because  it  (blanching)  inactivates  the  oxidative 
enzymes. 

The  effect  of  blanching  is  more  extensive  during  the  storage  of  the  dried 
vegetables  than  in  the  dehydration  process.    Holmes  et  al .  (1979)  reported 
that  dried  green  beans  retained  only  2%  of  their  ascorbic  acid  whether  or 
not  they  were  blanched.    Similar  observations  were  made  earlier  by  Morgan 
and  co-workers  0945).    They  found  that  blanched  or  unblanched  snap  beans, 
after  dehydration  retained  only  20-30%  of  their  initial  ascorbic  acid;  how- 
ever, during  storage,  the  residual  amount  of  ascorbic  acid  in  the  unblanched 
products  is  lost  while  the  blanched  products  lose  little  of  their  residual 
ascorbic  acid. 

Morgan  et  al .  (1945)  reported  that  from  blanching  to  dehydration, 
spinach  lost  84  to  91%  of  its  ascorbic  acid  content  as  compared  to  the  un- 
blanched spinach  which  lost  70%  of  its  ascorbic  acid  during  the  dehydration 
process.    Unblanched  spinach  continued  to  lose  ascorbic  acid  during  storage 
while  the  blanched  product  suffered  little  degradation. 


Color  retention.     Color  is  an  important  aspect  that  helps  determine 
the  acceptability  of  a  food  product.    Often  the  value  of  raw  food  materials, 
especially  fruits  and  vegetables,  is  judged  as  to  value  by  their  color 
(Clydesdale  and  Francis,  1975;  Dutton  et  al.,  1943).    Color  of  green 
vegetables  is  due  primarily  to  the  presence  of  chlorophyll  pigments.  Un- 
fortunately, processing  causes  deterioration  of  the  chlorophyll  pigments, 
especially  blanching  which  causes  the  conversion  of  chlorophyll  to  pheo- 
phytin  and  results  in  a  dulling  and  browning  of  the  green  (Clydesdale  and 
Francis,  1975;  Dutton  et  al.,  1943).    Dutton  et  al.  (1943)  reported  that 
darkening  and  graying  of  color  occurs  in  dehydrated  spinach  as  a  result  of 
blanching. 


Dehydration 

The  dehydration  process  causes  fewer  losses  of  nutrients  than  pre- 
treatment  or  storage  conditions.    Niacin  and  riboflavin  have  been  reported 
to  be  fairly  stable  to  heat  and  oxidation;  therefore,  they  are  not  affected 
by  drying  (Tannenbaum,  1976). 

The  vitamins  most  affected  by  dehydration  are  ascorbic  acid  and  thiamine. 
Apparently,  the  loss  of  these  vitamins  depends  upon  the  food  system,  the  pre- 
treatment  applied  and  the  conditions  of  dehydration  (time  and  temperature). 
Stevens  (1943)  studied  the  conditions  affecting  the  nutritive  values  of 
dehydrated  vegetables  and  reported  that  onions  and  peas  did  not  lose 
ascorbic  acid  during  drying,  but  that  corn  and  sweet  potatoes  lost  over 
60%.    Morgan  et  al ,  (1945)  found  that  snap  beans  retained  only  20  to  30%  of 
their  ascorbic  acid  originally  present  while  blanched  spinach  retained  only 
9  to  26%  and  unblanched  spinach  30%. 

Holmes  et  al.  (1979)  also  found  that  dried  tomato  puree  retained  7% 
of  its  ascorbic  acid  but  higher  retention  was  achieved  in  dried  zucchini 
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squash  (33%)  and  raspberries  where  up  to  74%  was  retained.    They  concluded 
that  the  low  retention  of  ascorbic  acid  in  tomato  puree  may  be  caused  by  the 
longer  drying  time  (6.5  hours)  when  compared  to  the  drying  time  of  4  to  4.5 
hours  for  squash  and  raspberries.    In  artifically  dehydrated  or  sun-dried 
vegetables,  thiamine  content  reduction  is  less  in  blanched  tissue  than  in 
unblanched  (Morgan  et  al.,  1945).    Salunkhe  et  al .  (1973)  reported  that  a 
15%  loss  of  ascorbic  acid  is  typical  in  blanched  tissues  and  75%  in  unblanched 
tissues  for  fruits  and  vegetables. 

Pavcek  (1946)  studied  the  effect  of  sulfite  on  ascorbic  acid  and 
thiamine  retention;  he  found  that  while  the  use  of  sulfite  enhanced  the 
retention  of  ascorbic  acid  in  cabbage  (351  mg/lOOg  in  sulfited  product  versus 
189  mg/lOOg  in  unsulfited  product)  it  was  detrimental  to  thiamine  retention; 
0.41  mg/lOOg  of  thiamine  were  found  in  unsulfited  cabbage  while  only  0.13  mg/ 
lOOg  were  found  in  sulfited  product. 

Storage 

Shelf  life  of  foods  is  based  on  changes  in  nutritional  quality  during 
storage  as  well  as  their  microbiological  quality  (Kirk  et  al . ,  1977).  Initial 
quality  of  the  raw  material  and  changes  that  occur  during  processing  and 
storage  determine  the  quality  of  dehydrated  foods  (Villota  et  al.,  1980). 
According  to  Tressler  (1956)  most  freshly  dehydrated  vegetables  are 
comparable  in  color  and  flavor  to  the  original  vegetable.    However,  during 
storage,  color,  flavor  and  nutrients  may  be  lost  as  a  result  of  the  storage 
conditions  (temperature,  presence  of  light  and  oxygen),  and  the  moisture 
content  or  water  activity  of  the  dehydrated  product  (Tressler,  1956;  Salunkhe 
et  al.,  1973;  Kirk  et  al.,  1977;  Villota  et  al.,  1980). 
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Lee  and  Labuza  (1975)  studied  the  destruction  of  ascorbic  acid  as  a 
function  of  water  activity  in  a  desorption  and  absorption  system.  They 
found  after  48  hours  that  the  fraction  of  ascorbic  acid  remaining  in  the 
system  with  water  activity  equal  to  0.32  was  6.51  and  1.32  for  the  system 
with  water  activity  equal  to  0.84.    They  concluded  that  the  destruction 
rates  increase  with  increasing  water  activity. 

Dutton  et  al.  (1943)  reported  that  dehydrated  spinach  stored  at  high 
moisture  levels  lost  its  green  color,  and  implied  that  this  impairment  of 
color  may  be  due  to  the  conversion  of  chlorophyll  to  pheophytin.  Mallette 
et  al.  (1946)  studied  the  storage  stability  of  ascorbic  acid  of  commercially 
dehydrated  potatoes.    They  found  that  50%  of  the  ascorbic  acid  content  is 
lost  during  blanching  and  half  of  the  remaining  ascorbic  acid  is  lost 
during  dehydration.    They  studied  storage  changes  in  dehydrated  potatoes  con- 
taining two  moisture  levels  and  found  that  ascorbic  acid  was  more  stable 
at  the  lower  moisture  level  (7%)  at  all  storage  temperatures  than  the  product 
containing  a  medium  amount  of  moisture  (13%). 

Pretreatments  such  as  blanching  and  sulfiting  prior  to  dehydration  are 
means  of  preventing  ascorbic  acid  loss,  change  of  color  and  development  of 
off  flavors  during  storage.    Mallette  et  al.  (1946)  reported  that  the  loss  of 
ascorbic  acid  and  the  development  of  abnormal  color  and  odor  in  sulfite- 
blanched  cabbage  were  less  pronounced  even  at  a  high  storage  temperature 
(29°  -  40°C).    They  also  reported  that  in  steam-blanched  cabbage  (where 
about  50%  of  the  ascorbic  acid  was  lost  during  blanching  and  processing),  the 
ascorbic  acid  content  remained  constant  for  nearly  a  year. 

Sensory  characteristics.    Among  the  factors  that  limit  the  accepta- 
bility   of  dehydrated  vegetables  are  the  loss  of  flavor  and/or  the  develop- 
ment of  off-flavors  and  off-odors  that  occur  during  drying  and  storage  at  room 
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or  higher  temperatures  (Salunkhe  et  al.,  1973)".    Products  in  which  the  flavor 
constituents  are  volatile  oils  are  prone  to  severe  flavor  deterioration. 
According  to  Villota  et  al.  (1980)  flavor  deterioration  in  dehydrated  products 
is  attributed  to  volatile  losses,  oxidation  and  non-enzymatic  browning. 
Development  of  off-flavors  and  off-odors  is  related  also  to  pretreatment, 
methods  of  drying,  handling  and  storage  conditions  (Villota  et  al.,  1980). 

Blanching  as  a  method  of  pretreatment  to  inactivate  the  enzymes  that 
may  cause  development  of  off-flavors  and  off-odors,  has  been  recommended. 
However,  some  researchers  (Mallette  et  al.,  1946;  Foda  et  al.,  1967) 
reported  finding  off-odors  that  they  characterized  as  hay- like  aromas  in 
blanched  vegetables. 

Okra  flavor  is  important  in  determining  its  acceptability.    Woodroof  and 
Shelor  (1953)  reported  that  okra  flavor  characterized  as  "green" 
vegetable  and  its  mucilaginous  character  were  closely  related.    They  also 
reported  that  the  seeds  contained  more  of  these  flavor  components  than  the 
pod  wall . 


MATERIALS  AND  METHODS 
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Six  treatments  for  drying  okra  were  studied.    Unblanched  okra  was  dried 
at  1)  125°F  (52°C)  for  14  hours,  2)  145°F  (63°C)  for  10  hours;  okra  blanched 
in  boiling  water  were  dried  at  3)  125°F  (52°C)  for  14  hours;  4)  145°F 
(63°C)  for  10  hours  and  okra  blanched  in  boiling  water  containing  0.1%  sul- 
fur dioxide  (S02)  at  5)  125°F  (52°C)  for  14  hours;  6)  145°F  (63°C)  for  10 
hours. 

Fresh  okra  was  evaluated  for  color,  ascorbic  acid  and  thiamine  content. 
After  dehydration  the  dried  okra  was  evaluated  for  ascorbic  acid  and 
thiamine  content,  color,  moisture  and  water  activity  before  and  after 
six  weeks  of  storage.    Sensory  characteristics  were  evaluated  after  six 
weeks  of  storage  and  rehydration.    Data  from  four  replications  were 
subjected  to  analysis  of  variance. 

Pret.reatment,  Drying  and  Storage  Condition 

Locally  grown  fresh  okra  pods  (Abelmoschus  esculentus  Cv  Lee)  were 
obtained  from  the  Kansas  State  University  Horticulture  farm.    The  fresh 
pods  were  sized  (7.5-8.75  cm)  washed,  and  one  of  the  following  treatments 
was  applied;  1)  without  blanching;  2)  okra  pods  blanched  in  boiling  water 
for  three  minutes  in  quantities  of  1  kg/5  1  water;  3)  okra  pods  blanched  in 
boiling  water  containing  an  equivalent  of  0.1%  S02  in  quantities  of  1  kg/5  1 
solution. 

For  blanching  in  boiling  water,  5  1  of  water  were  used  for  each  kg  of 
okra  pods.    Whole  okra  pods  were  placed  in  the  blanching  kettle  with  boil- 
ing water,  covered,  and  boiled  for  3  min.    Blanched  pods  were  cooled  in 
running  tap  water  for  the  same  amount  of  time  that  they  had  been  exposed  to 
heat. 
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For  blanching  in  S02,  5  1  of  water  also  were  used  for  each  kg  of  okra 
pods,  except  that  8.55  g  of  sodium  sulfite  were  added  to  the  boiling  water 
just  prior  to  addition  of  okra. 

After  each  treatment  okra  pods  were  trimmed  and  cut  into  2  cm  cylindrical 
slices.    An  electric  dehydrator  with  nine  shelves  (Excalibur  Model  ED  301) 
was  used  for  dehydration.    Okra  slices  (250g)  were  spread  in  a  single  layer 
on  each  tray  and  dried  as  previously  described.    Dehydrated  okra  slices  were 
packaged  and  sealed  in  "Seal -a-Meal "  bags  and  stored  in  a  dark  place  at  room 
temperature  (22-25°C)  for  six  weeks. 

Evaluation  and  Measurements 

Ascorbic  acid.    Total  ascorbic  acid  was  measured  by  the  fluorometric 

method  (AOAC,  1980)  which  includes  reduced  and  dehydroascorbic  acid.  Samples 

were  prepared  by  lending  5  gm  of  fresh  okra  or  2  gm  of  dehydrated  okra  in  100  ml 

extracting  acid  (3%  metaphosphoric/8%  acetic  acid)  for  1  min  in  a  Waring  blender. 

Fluorescence  was  determined  with  a  Coleman  Photofluoremeter  (Model  12c). 

Data  were  reported  as  mg/lOOg  wet  weight,  mg/lOOg  dry  weight,  and  %  retention 

(fresh  X  dry). 
100 

Thiamine.      Thiamine  also  was  determined  by  the  fluorometric  method 

(Freed,  1966).    Ten  grams  of  fresh  okra  or  1  gm  dried  okra  samples  were 

prepared  by  blending  for  1  min  in  0. IN  HC1 .    Fluorescence  was  determined  on  a 

Coleman  photofluorometer  (Model  12C).    Data  were  reported  as  mg/lOOg  wet 

dry  weight,  and  %  retention  (fresh  X  dry). 

100 

Color.     Color  was  monitored  with  the  HunterLab  spectorphotometer 
(Model  D54P-5).    Fresh  okra  (20  gm)  was  blended  for  3  min  in  200  ml  water. 
Dried  okra  slices  (5  gm)  were  placed  in  200  ml  water  for  30  minutes  and  then 
blended  for  3  min  in  Waring  blender.    Slurries  were  allowed  to  stand  for  30 
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minutes  for  the  foam  to  dissipate.    Optically  clear  cells  (5.6  cm  diameter, 
3.8  cm  depth)  were  filled  with  samples  for  presentation  to  the  spectro- 
photometer.   HunterLab  L,  a,  and  b  values  were  measured. 

Water  activity.    Water  activity  was  measured  using  the  Beckman 
thermocouple  psychrometer  sample  changer  (Model  Sc-lOA).    Samples  (0.5  gm) 
were  ground  into  plastic  bags  to  avoid  moisture  uptake. 

Moisture.  Percent  moisture  was  determined  for  10  gm  samples  using  the 
Brabender  semi-automatic  moisture  tester.  Samples  were  dried  until  constant 
readings  were  obtained. 

Sensory  analysis.     After  six  weeks  of  storage,  a  professionally  trained 
taste  panel  composed  of  five  members  evaluated  the  samples  for  intensity  of 
aroma  ("cooked  green  vegetable"  and  hay-like)  and  flavor  ("cooked  green 
vetetable",  hay-like,  bitter,  sweet,  sour  and  mouth-drying  characteristics). 
Okra  samples  (20  gm)  were  placed  in  150  ml  boiling  water,  simmered  for  30 
minutes,  and  served  at  room  temperature  in  covered  50  ml  beakers.    A  semi- 
structured  intensity  scale  was' used  (see  Figure  3).    Intensity  scores  for 
each  characteristic  were  determined  by  measuring  the  distance  of  line 
from  No  (0  cm)  to  Extreme  (14  cm). 

Analysis  of  Data 

Moisture  content,  water  activity,  ascorbic  acid,  thiamine,  color 
and  sensory  characteristics  were  subjected  to  analysis  of  variance  using  a 
randomized  block  design. 
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Source  of  variance  df 

Block  (Rep)  3 

treatment  (Trt)  5 

Rep  x  Trt  (Error  a)  15 

Storage  time  (St)  1 

Trt  x  St  5 

St  x  Rep  +  Trt  x  St  x  Rep  (Error  b)  18 

Total  47 


Least  square  means  were  compared  to  determine  treatment  effects.  When 
F-values  were  significant,  probability  of  differences  were  calculated  to 
determine  the  level  of  significance. 
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RESULTS  AND  DISCUSSION 

Data  for  percentage  moisture,  total  ascorbic  acid  and  thiamine 
content,  and  color  for  fresh  okra  are  reported  in  Table  6,  Appendix.  Moisture 
content,  water  activity,  ascorbic  acid  and  thiamine  content,  and  color  of 
dehydrated  okra  were  determined  before  and  after  storage;  sensory  analysis  of 
rehydrated  okra  was  conducted  after  6  weeks'  storage.    Data  for  all  repli- 
cations are  presented  in  Table  7-14,  Appendix. 

Moisture  Content  and  Water  Activity 

Moisture  content  and  water  activity  of  dried  okra  slices  are  listed 
in  Table  1.    Pretreatment  (not  blanching,  blanching  in  boiling  water  and 
blanching  in  0.1%  sulfur  dioxide  solution)  and  drying  conditions  had  no 
significant  effect  on  the  moisture  content  immediately  after  dehydration, 
contrary  to  results  found    by  Sugihara  and  Cruess  (1942)  and  Moyer  et  al. 
(1959).    Sugihara  and  Cruess  studied  the  effect  of  blanching  on  the  de- 
hydration rates  of  vegetables.    They  concluded  that  blanching  in  most  cases 
caused  an  increase  in  the  rate  of  drying.    Moyer  et  al.  (1959)  studied  the 
interaction  between  blanching  and  drying  rates  of  peas.    They  also  concluded 
that  drying  rate  increased  when  peas  were  blanched,  especially  in  peas  that 
were  steam  blanched.    Drying  temperature  and  duration  had  no  effect  on  the 
water  activity  within  pretreatments.    However,  blanching  had  a  significant 
effect  (p<0.05).    Unblanched  samples  had  a  lower  water  activity  (Aw=0.31)  than 
samples  blanched  in  water  (Aw=0.49)   or  those  blanched  in  0.1%  sulfur  dioxide 
solution  (A  =0.48).    Storage  had  no  significant  effect  (p<0.05)  on  moisture  con- 
tent nor  on  water  activity  of  blanched  samples.    Only  unblanched  samples  which 
had  lower  initial  water  activity  underwent  a  significant  increase  (p<0.05)  in 
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Table  1.    Effects  of  pretreatments  and  drying  conditions  on  means9  for 
moisture  content  and  water  activity  (Aw)  of  dried  okra  before 
and  after  storage. 


%  Moisture 

Water  Activity 

n 
u 

Wk 

6  Wk 

0  Wk 

6  Wk 

Unblanched 

125°F/14  hr 

19 

96  d 

20.28d 

0.309d 

0.428d 

145°F/10  hr 

18 

16d 

19.10e 

0.318d 

0.448d 

Blanched0 

125°F/14  hr 

18 

.45d 

18.70e 

0.478e 

0.492e 

145°F/10  hr 

18 

,29d 

18.25e 

0.502e 

0.486e 

Blanched  in  SC^0 

125°F/14  hr 

18 

.43  d 

18.58e 

0.512e 

0.508e 

145°F/10  hr 

18 

.68d 

18.55e 

0.455e 

0.494e 

aMeans  with  the  same  letter  in  the  same  column  are  not  siginf icantly 
different  (p<  0.05) . 

DBlanched  in  boiling  water  for  3  minutes. 

cBlanched  in  boiling  0.1%  SO,,  solution  for  3  minutes. 
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water  activity  during  storage. 
Ascorbic  Acid 

Table  2  shows  the  ascorbic  acid  content  of  dehydrated  okra  before  and 
after  storage.    Before  storage,  unblanched  okra  and  okra  blanched  in  0.1% 
sulfur  dioxide  solution  had  higher  percentage  retention  of  ascorbic  acid 
(p<0. 05)  than  okra  blanched  in  boiling  water.    Similar  observations  were  made 
by  Morgan  and  co-workers  (1945)  who  found  that  before  storage,  spinach  that 
had  been  blanched  prior  to  dehydration  retained  9  to  16%  of  its  ascorbic 
acid  content,  whereas,  unblanched  spinach  retained  up  to  30%  of  its  original 
ascorbic  acid  content. 

No  significant  difference  (p<0.05)  was  found  between  the  amount  of 
ascorbic  acid  retained  by  unblanched  okra  and  okra  blanched  in  0.1%  sulfur 
dioxide  solution  before  storage.    Drying  temperature  and  duration  had  no 
significant  effect  (p<0.05)  on  the  ascorbic  acid  retention  of  okra  before 
storage. 

As  mentioned  previously  the  effects  of  blanching  and  use  of  sulfur  dioxide 
as  pretreatments  prior  to  dehydration  are  more  noticeable  after  storage. 
Okra  blanched  in  boiling  water  and  0.1%  sulfur  dioxide  solution  underwent 
no  significant  changes  in  their  ascorbic  acid  level.    However,  the  un- 
blanched samples  (which  had  the  same  ascorbic  acid  content  as  okra  blanched 
in  0.1%  sulfur  dioxide  solution  before  storage)  underwent  the  greatest  losses 
during  storage. 

Morgan  and  co-workers  (1945)  reported  that  blanched  spinach  retained  less 
ascorbic  acid  than  the  unblanched  spinach.  But  during  storage  the  unblanched 
spinach  continued  losing  its  ascorbic  acid,  whereas  the  blanched  product 
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suffered  few  additional  losses.    After  storage  the  highest  ascorbic  acid 
level  was  exhibited  by  okra  blanched  in  0.1%  sulfur  dioxide  solution.  This 
is  in  agreement  with  Krutman  (1981)  who  reported  that  okra  blanched  in  0.1% 
sulfur  dioxide  solution  and  cabinet-dried  had  the  highest  ascorbic  acid 
content  when  compared  with  other  treatments.    Okra  blanched  in  boiling 
water  and  unblanched  okra  exhibited  the  same  level  of  ascorbic  acid  after 
storage,  despite  the  fact  that  unblanched  okra  had  a  higher  level  of 
ascorbic  acid  before  storage. 
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Thiamine 

Thiamine  content  of  dehydrated  okra  slices  before  and  after  storage 
are  listed  in  Table  3.    Unblanched  okra  and  okra  blanched  in  boiling  water 
showed  no  loss  of  thiamine  after  dehydration  when  compared  to  fresh  samples. 
However,  okra  blanched  in  0.1%  sulfur  dioxide  solution  exhibited  signifi- 
cantly less  thiamine  than  fresh  samples.    About  20-31%  of  the  original 
thiamine  content  of  the  okra  was  lost  after  dehydration  as  a  result  of 
treatment  with  sulfur  dioxide.    Other  researchers  (Mallette  et  al . ,  1946; 
Pavcek  ,    1946)  have  reported  the  effects  of  sulfite  on  dehydrated 

cabbage.    They  found  that  sulfite-blanched  cabbage  contained  considerably 
less  thiamine  than  the  unsulfited  cabbage. 

Drying  temperature  and  duration  within  pretreatments  had  no  significant 
effect  (p  <  0.05)  on  the  retention  of  thiamine.    Upon  six  weeks  of  storage 
the  samples  underwent  no  significant  change  (p  <  0.05)  in  their  thiamine  level. 
Samples  blanched  in  sulfur  dioxide  remained  lower  in  thiamine  than  those 
unblanched  or  blanched  in  boiling  water. 

Color 

HunterLab  L,  a- and  b- values  of  fresh  and  dehydrated  okra  before  and 
after  storage  are  listed  in  Table  4.    A  decrease  in  the  HunterLab  "L" 
values  means  an  increase  in  darkening,  an  increase  in  the  "a"  values 
corresponds  to  a  shift  from  green  towards  red  and  a  decrease  in  the  "b" 
values  means  a  shift  from  yellow  to  blue. 

"L"  values  were  higher  in  okra  samples  blanched  in  boiling  water 
or  in  0.1%  sulfur  dioxide  solution  than  in  unblanched  samples.  These 
samples  were  lighter  because  of  the  inhibition  of  enzymatic  browning  by  heat 
treatment  and/or  by  addition  of  sulfur  dioxide.    The  same  samples  were 
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greener  and  more  yellow  (p  <  0.05)  than  unblanched  samples.    Krutman  (1981) 
made  similar  observations  on  cabinet-dried  okra.    When  compared  to  the 
fresh  samples,  only  unblanched  okra  dried  at  145°F  for  ten  hours  produced 
"L"  values  similar  to  the  fresh  okra  (p  <  0.05).    Other  treatments  produced 
significantly  higher  "L"  values  than  the  fresh  okra  indicating  that  they 
were  lighter  than  the  fresh  samples. 

Statistical  analysis  showed  the  HunterLab  "a"  and  "b"  values  for  all 
treatments  were  significantly  different  from  the  fresh  except  for  unblanched 
okra  dried  at  125°F  for  14  hours.    Unblanched  okra  dried  at  145°F  for  10 
hours  had  higher  "a"  but  lower  "b"  values  than  the  fresh  meaning  that  this 
sample  was  less  yellow  and  less  green  than  the  fresh  sample.    Blanched  okra 
had  lower  "a"  and  higher  "b"  values  meaning  that  they  were  a  yellower  green 
than  the  fresh  sample.    Drying  temperature  and  duration  had  no  significant 
effect  (p  <  0.05)  on  color  changes  for  blanched  (blanched  in  boiling  water 
or  blanched  in  0.1%  S02)  dried  okra. 

No  significant  darkening  or  lightening  (p  <  0.05)  occurred  in  any 
samples  within  six  weeks  of  storage.    Nevertheless,  all  samples  increased 
(p  <  0.05)  in  the  HunterLab  "a"  values,  but  no  significant  change  (p  <  0.05) 
in  the  HunterLab  "b"  value  occurred,  meaning  that  the  samples  were  not  as 
green  as  they  were  prior  to  storage.    However,  blanched  samples  were  yellower 
(significantly  higher  "b"  values)  but  as  green  as  the  fresh  sample  (no 
significant  difference  in  the  "a"  value  at  p  <  0.05). 
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Sensory  Characteristics 

Means  for  aroma  and  flavor  of  cooked  okra  are  listed  in  Table  5.    The  un- 
blanched  okra  samples  showed  the  lowest  values  (p<0.05)  for  the  "cooked 
green  vegetable"  aroma  characteristics  as  well  as  for  the  "cooked  green 
vegetable"  flavor,  and  they  exhibited  the  highest  values  (p<0.05)  for  the 
hay-like  aroma  and  flavor.    Enzymes,  yet  unidentified,  have  been  reported 
to  be  responsible  for  the  development  of  off -flavors  and  off-aromas  such  as 
hay-like  in  dehydrated  food  products  (Schwimmer,  1980).    Blanching  has  been 
recommended  to  prevent  the  development  of  these  off-flavors  and  off-aromas. 
Therefore,  inhibition  of  potential  enzymes  present  in  okra  by  heat  and/or 
sulfur  dioxide  treatment  might  have  occurred  in  okra  samples  that  have  been 
blanched  in  boiling  water  and  0.1%  sulfur  dioxide. 

Pretreatments  and  drying  conditions  had  no  significant  effects  (p<0.05) 
on  bitterness,  sourness  or  mouth  drying  of  cooked  okra.    However,  blanched 
okra  samples  were  sweeter  (p<0.05)  than  unblanched  okra  samples. 

CONCLUSIONS 

Blanching  of  okra  pods  in  0.1%  sulfur  dioxide  solution  under  the 
conditions  of  this  study  resulted  in 

1.  relatively  higher  ascorbic  acid  retention; 

2.  protection  of  the  characteristic  flavor  of  okra  identified  as 
"cooked  green  vegetable"1, 

3.  protection  against  excessive  development  of  hay-like  aroma  and 
flavor; 

4.  lighter,  greener,  and  more  yellow  okra  samples; 

5.  a  substantial  loss  of  thiamine. 

Blanching  in  boiling  water  yielded  similar  results  except  that  lower  ascorb 
acid  retention  occurred,  but  better  thiamine  retention  was  achieved. 
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RECOMMENDATIONS 

1.  Blanching  is  an  effective  pretreatment  for  dehydrated  okra  for 
retention  of  physical  attributes,  nutritional  quality,  and  sensory 
characteristics. 

2.  Sulfur  dioxide  should  be  used  in  blanching  water  for  vegetables  where 
thiamine  content  is  initially  low  or  not  a  nutritional  concern. 
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APPENDIX 


Figure  1.    Effect  of  sulfite  on  thiamine. 
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Figure  2.     Representation  of  fresh  and  dried  okra  samples  in  the  Hunter- 
Lab  a,b  diagram. 
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Figure  3.         Score  card  for  evaluation  of  rehydrated  okra 
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DATE 


Place  a  perpendicular  line  across  the  point  which  best  describes  your 
evaluation  for  the  characteristics  listed.    Label  each  mark  with  the  sample 
code  number. 


AROMA 


Cooked  green  vegetable 


No 

Hay- like 

1 
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Extremely 
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No 

FLAVOR 
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Bitter 
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Sweet 
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Sour 
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Table  6.    Moisture,  ascorbic  acid  and  thiamine  content  and  HunterLab  L, 
a-and  b-values  of  fresh  okra 


%  Moisure  90.27 

Ascorbic  Acid 

mg/100  g  27.08 

mg/100  g  of  dry  matter  280.11 

Thiamine 

mg/100  g  0.114 

mg/100  g   of  dry  matter  1.170 

Color 

L  40.00 

a  -7.85 

b  14.31 
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Moisture  content,  water  activity,  color,  ascorbic  acid  and  thiamine 
retention  of  okra  not  blanched,  blanched  in  boiling  water  and  blanched  in 
a  boiling  0.1%  sulfur  dioxide  solution  and  dried  at  125°F  (52°C)  for  14 
hours  and  at  145°F  (63°C)  for  10  hours  were  evaluated  before  and  after  6 
weeks'  storage  at  room  temperature.    Before  storage  unblanched  okra, 
whether  dried  at  125°F  for  14  hours  or  dried  at  145°F  for  10  hours,  retained 
as  much  ascorbic  acid  as  okra  samples  blanched  in  0.1%  sulfur  dioxide 
solution.    Okra  samples  blanched  in  boiling  water  had  the  lowest  level  of 
ascorbic  acid  immediately  after  dehydration.    During  storage  excessive  loss 
of  ascorbic  acid  occurred  in  unblanched  samples.    No  significant  difference 
(p<0.05)  was  found  between  the  ascorbic  level  of  unblanched  samples  and 
that  of  okra  blanched  in  boiling  water.    Samples  blanched  in  0.1%  sulfur  diox- 
ide solution  retained  the  highest  ascorbic  acid  level  (p<0.05);  but  the 
same  samples  exhibited  significantly  lower  thiamine  values  than  the  fresh 
okra  samples.    All  pretreatment  variables  and  drying  conditions  produced 
samples  lighter  than  fresh  okra  except  for  unblanched  okra  dried  at  145°F 
for  10  hours  which  showed  no  significant  difference  (p<0.05)  between  its 
"L"  value  and  the  "L"  value  of  the  fresh  sample.    Okra  samples  blanched 
in  boiling  water  or  in  0.1%  sulfur  dioxide  solution  were  a  yellower  green 
than  either  fresh  or  unblanched  okra  samples  before  storage.  After 
storage  they  still  remained  yellower  but  decreased  in  greenness  until  they 
reached  HunterLab  "a"  values  similar  to  that  of  fresh  okra  sample.  Un- 
blanched samples,  except  those  dried  at  125°F  for  14  hours,  were  less  green 
and  less  yellow  than  fresh  sample  before  storage.    After  storage  they 
decreased  in  greenness  but  increased  in  yellowness  until  HunterLab  "b" 
values  were  similar  to  those  produced  in  fresh  okra.    Blanching  in 


boiling  water  or  in  0.1%  sulfur  dioxide  solution  produced  okra  with  more 
"cooked  green  vegetable"  and  less  hay-like  aroma  and  flavor  than  okra 
dried  without  blanching  (p<0.05). 


